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In the United States, obesity has been called
an epidemic: an increasing proportion of
Americans are overweight or obese."? Numer-
ous studies have highlighted the large propor-
tion of overweight and obese adults, and the
number of older adults who are overweight
or obese continues to rise.>* Obesity has been
associated with many health problems, includ-
ing cardiovascular disease, diabetes, some
cancers, depression, and arthritis.>*~'* Physical
activity is believed to be an important deter-
minant of health and body weight. Most
Americans do not regularly engage in physical
activity," and efforts are being made nation-
ally to increase the activity level of the popula-
tion to prevent comorbid disease.

Older people are at increased risk of de-
cline in functional independence as they age.
Of community-dwelling adults aged 75 years
or older, 10% lose independence each year,
as measured by activities of daily living.”* A
decline in independence is associated with
higher rates of hospitalization and mortality."
In addition to its inverse association with obe-
sity, exercise is associated with a slowing in
functional decline™ and dementia'® and may
help some older persons maintain functional
independence. Older adults may choose
walking as a form of physical activity, both
for recreation and as a means of transport for
completing tasks of daily living.

An older person’s activity level may be influ-
enced by the built environment, which is de-
fined by the Centers for Disease Control and
Prevention as human-formed, developed, or
structured areas.'® Neighborhood aesthetics,
convenience to destinations, availability of paths
and sidewalks, and other environmental attrib-
utes are believed to influence the walkability of
a neighborhood.” As people age they may
spend a greater amount of time around their
homes and have the opportunity to walk for
exercise or for transportation; thus the study of
the built environment in relation to activity and
obesity is important. Some have called for
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Objective. We examined whether older persons who live in areas that are con-
ducive to walking are more active or less obese than those living in areas where
walking is more difficult.

Methods. We used data from the Adult Changes in Thought cohort study for
a cross-sectional analysis of 936 participants aged 65 to 97 years. The Walkable
and Bikable Communities Project previously formulated a walkability score to
predict the probability of walking in King County, Washington. Data from the co-
hort study were linked to the walkability score at the participant level using a ge-
ographic information system. Analyses tested for associations between walkability
score and activity and body mass index.

Results. Higher walkability scores were associated with significantly more walk-
ing for exercise across buffers (circular zones around each respondent’s home)
of varying radii (for men, odds ratio [OR]=5.86; 95% confidence interval [CI]=1.01,
34.17 to OR=9.14; Cl=1.23, 68.11; for women, OR=1.63; C|=0.94, 2.83 to OR=1.77;
Cl=1.03, 3.04). A trend toward lower body mass index in men living in more walk-

gender-specific analysis of physical activity,
citing differences in the perception of environ-
ment, convenience to destinations, and automo-
bile use.’®" Indeed, older women appear to
take fewer trips per day than do older men,
indicating that the tendency to travel by any
means, including walking, varies by gender.°
Little is known about the association be-
tween the built environment and activity and
obesity in older men and women. Recently,
new measurement tools have made study of
the relation between obesity, physical activity,
and the built environment possible.”*"** Qur
study explored whether more walkable neigh-
borhoods are associated with more activity
and less obesity in older men and women.

METHODS

Participants

Group Health Cooperative is a consumer-
governed, staff-model health maintenance or-
ganization in Washington State with more
than 500 000 members. Study participants

able neighborhoods did not reach statistical significance.

Conclusions. Findings suggest that neighborhood characteristics are associated
with the frequency of walking for physical activity in older people. Whether fre-
quency of walking reduces obesity prevalence is less clear. (Am J Public Health.
2007,97:486-492. doi:10.2105/AJPH.2006.085837)

were drawn from the Adult Changes in
Thought (ACT) study, a prospective, longitu-
dinal cohort study of older patients aimed at
detecting the onset of dementia. The ACT
study began in 1994 and initially enrolled
approximately 2500 randomly selected, cog-
nitively intact participants aged 65 years or
older who were Group Health patients in
clinics serving western King County. Details
of the sample are available elsewhere.”®*3
Approximately 2000 participants were used
in our analysis, corresponding to the sample
size available at the 2002 assessment. The
included participants were cognitively intact
as defined by a Cognitive Abilities Screening
Instrument score of 86 or higher,>* which
corresponded to a Mini-Mental Status Exami-
nation score of 25 to 26 or higher. All partic-
ipants resided in King County, Washington,
where the geographic model used in this
analysis could be applied. Data were ex-
tracted from ACT study assessments occur-
ring between January 1, 2001, and Decem-
ber 31, 2003, because this period most
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closely corresponded to the period in which
geographic data were collected. After these
selection criteria were applied, 1967 partici-
pants were eligible.

During in-person visits conducted every 2
years with ACT participants, information was
collected on activity and obesity. Measured
height and weight were used to calculate body
mass index (BMI; weight in kilograms divided
by height in meters squared), a common mea-
sure of overweight and obesity. A self-report of
physical activity was collected at each biennial
visit. A written survey queried participants on
the number of times per week they partici-
pated in various physical activities for exercise
that lasted at least 15 minutes per session. The
survey is described in more detail in a recently
published study of the relation between physi-
cal activity and dementia.”® Our analysis used
the measure of walking for exercise from the
questionnaire, with the question, “During the
last year, how many days per week did you
walk for exercise for at least 15 minutes at a
time?” Other measures of activity, such as
swimming, biking, and weight lifting, were
not used in our analysis, because we felt they
would not be significantly influenced by neigh-
borhood walkability.

The ACT study also provided several co-
variates that may confound the relation be-
tween neighborhood walkability and walking
activity and obesity, including age, gender,
education level, income, living alone, tobacco
use, and self-reported information on arthri-
tis. Depression was measured using the Cen-
ter for Epidemiological Studies Depression
Scale, a 20-item questionnaire validated in
an older population.?**® Group Health Coop-
erative prescription claims records were used
to assess chronic disease burden. The Rx
Risk score, derived from pharmaceutical use
as an indicator of disease burden, was calcu-
lated for each respondent.*’

Geographic Data

An earlier study, the Walkable and
Bikable Communities (WBC) project, pro-
vided scores for neighborhood walkability.
The WBC project, based in King County,
Wash, and unrelated to the ACT study,
identified components of the built environ-
ment that contributed to increased walking
and biking. It used a behavioral model of
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environment and the travel-based principles
of origin, destination, route, and area to
structure the environmental determinants of
physical activity.*® Information from a tele-
phone survey of 608 randomly selected
adult respondents in an 88-square-mile re-
gion of urbanized King County was com-
bined with objective tax parcel-level geo-
graphic data from publicly available
sources.?’ The spatial sample frame con-
sisted of medium- and high-density residen-
tial areas of King County, with services
(shops, schools, offices, etc.) close to homes.
Details of the spatial sample frame con-
struction are described elsewhere.*° The
27-minute survey included questions from
the Behavioral Risk Factor Surveillance
System, International Physical Activity
Questionnaire—Long, and National Health
Interview Survey, as well as additional ques-
tions described by Brownson et al.*!

The WBC study then captured data on
approximately 200 directly observable
neighborhood attributes with 900 related
measures within 1-km and 3-km circular
zones (buffers) around each respondent’s
home and measured distance to destinations
up to 3 km from a respondent’s home. Ob-
jective measures of the built environment
included land-use characteristics from the
parcel-level assessor’s files, park informa-
tion, streets and foot and bike trails, land
slope, vehicular traffic, and public transit

data. The WBC study estimated, by multino-
mial logistic regression, the likelihood of
walking more than 150 minutes per week,
corresponding to the Centers for Disease
Control and Prevention recommendations
for sufficient physical activity,?* versus not
walking at all or walking moderately (<150
minutes per week).

We used variables from the survey in a
2-step modeling process to create a base
model. Those survey variables found statisti-
cally significant or considered theoretically
important were kept in the final models. The
variables retained from the first step plus 200
environmental variables were used for the
second step. Two final models were created:

1 for straight-line distances from the respon-
dents’ homes (i.e., as the crow flies) and 1 for
network distances along existing transporta-
tion routes (i.e., traveling along the streets). Of
the 200 objective environmental variables
assessed, 8 were found to have a significant
effect on walkability in the straight-line model
and were used to compute the walkability
scores (Table 1). Details of the methods used
to derive the walkability index are described
elsewhere *#23*

Finally, we calculated walkability scores for
the entire surface of the spatial sample frame.
This surface model was based on the final
straight-line model. We controlled for survey
variables and calculated walkability scores for
the significant environmental features of the

TABLE 1—Predictors of Walkability in the Built Environment: Adult Changes in Thought
Study, King County, Washington, 2001-2003

Environmental Characteristic (Threshold Value)®

0dds Ratio” (95% Confidence Interval)

Shorter distance to closest grocery store (<440 m)

Fewer educational parcels in 1-km buffer (<5.1)
Fewer grocery stores or markets within 1-km buffer (<3.7)
Smaller size of closest office complex (<36 659 sq m)

More dwelling units per acre of the parcel where the residence is located (>21.7)
More grocery store, restaurant, or retail clusters in 1-km buffer (>1.8)

Longer distance to closest office/mixed-use complex (>544 m)
Smaller size of block where residence is located (<23876 sq m)

*

2.26 (1.12,4.56
1.96 (1.15,3.35
1.70(1.11, 2.60
1.55 (0.94,2.58
1.50 (1.02,2.20
1.28(1.08,1.53
1.27 (1.04, 1.56
1.19(0.99,1.43

*

*

*k

*

*

*

*k

Source. Adapted from Moudon et al.** In press.

min/wk vs not walking.

*P<.05; **P<.1.

Note. Pseudo-R? of full model=0.34 (using the Cox and Snell test).
*Threshold values of characteristics for active walking environments are derived from mean values for subjects walking > 150

®0dds of walking> 150 min/wk vs not walking, using a straight-line measurement
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Note. The more walkable neighborhood has a denser street network and better connectivity of streets than does the less walkable neighborhood. Although the less walkable neighborhood appears
to have more retail destinations, it is beyond the distance a respondent would be expected to walk.

respondents” home locations and for addi-
tional points on a 1-km grid within the spatial
frame. To obtain values for the continuous
surface, we used a radial basis function to in-
terpolate the values of areas between the
points, thereby creating a smoothed-surface
model.

We used a geographic information system
(ArcView 9.0, ESRI, Redlands, Calif) to
geocode each ACT participant’s address to
the associated tax assessor’s parcel. If the ad-
dress could not be geocoded with parcel
data, King County street file data were used
to geocode the address. Circular buffers of
100, 500, and 1000 m were created around
each point (Figure 1). Buffer sizes were rep-
resentative of distances usually traveled on
foot, with smaller buffers representing dis-
tances that may be more commonly traveled
by older people. The 1000-m buffer corre-
sponded to other analyses of behavior and
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the built environment.””** The model com-
puted walkability scores on a scale of O to
100 for each subject within the area of each
buffer. These walkability data were then
merged with the respondent data from ACT
for analysis.

Statistical Analysis

Participants were, a priori, stratified into 4
gender-specific groups: those who lived at
the same address 2 years prior to their clini-
cal assessment (men and women) and those
who moved to a new address in the 2 years
since their last assessment (men and
women). Only participants living in the same
home for at least 2 years were included in
the analysis of BMI (n="740), because we
hypothesized that the effect of the built envi-
ronment on a change in BMI might take
longer than 2 years to detect. All 4 groups
were included in the analysis of self-reported

FIGURE 1—Example analysis of participants in more walkable (a) and less walkable (b) neighborhoods.

walking (n=936), because adaptation of this
behavior would be expected in less than 2
years. We chose to stratify participants on
gender because previous research showed
different patterns of walking for activity be-
tween men and women,'*72%3°

We used ¢ tests and %> analyses to analyze
differences between men and women and be-
tween those living at the same address and a
different address 2 years prior to the study.
Multiple logistic regression was used to de-
termine the associations between neighbor-
hood walkability and self-reported walking
and BMI. Regression analyses controlled for
Center for Epidemiological Studies Depres-
sion Scale score, income, education, tobacco
use, living alone, self-report of arthritis, age,
and RxRisk as a measure of chronic disease
burden. Statistical analyses were performed
with Stata version 9 (Stata Corp, College
Station, Tex).
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TABLE 2—Participant Characteristics: Adult Changes in Thought Study, King County,

Women Men,
(n=601; 64.2%) (n=335; 35.8%)

RxRisk, $,** mean (SD)

Total

(N=936)

Age, y,* mean (SD) 785 (6.1)
65-74 21.2
75-84 54.4
85-94 18.1
>95 0.3

CES-D score,** mean (SD) 5.8 (6.5)

4142.1 (2307.9)

Income > $30000,** % 49.3
Education,>12y, % 69.7
Lives alone,** % 455
Uses tobacco,** % 10.4
Suffers from arthritis, % 37
BMI, kg/m?, mean (SD) 27.0 (5.0)
Overweight or obese,** % 63.2
Walks any amount for exercise, % 484
Living in same home at least 2 years,’ % 79.1

789 (6.1) 77.8(6.0)
2.6 319
549 53.4
20.0 146
05 0
6.4(6.9) 4.7 (5.4)
3924.3 (1422.7) 4532.6 (2223.3)
376 69.1
68.8 712
55.1 283
47 203
41 30
27.0 (5.7) 27.1(3.6)
50.3 703
46.1 509
779 812

RESULTS

Of the 1967 potentially eligible respon-
dents in the data set, 1770 participants were
successfully geocoded with tax parcel data
or King County street file data (90%). Of
those participants, 936 (53%) were living
within the spatial sample frame of the WBC
surface model. Only the latter were studied.
The remainder of the participants either
lived outside the spatial sample frame (n=
637) or were unsuccessfully geocoded be-
cause of missing or incorrect address infor-
mation (n=197).

Participants ranged in age from 65 to 97
years, with a median age of 78 years. BMI
ranged from 14.2 to 65.4, with a median
BMI of 26.3. As a group, approximately 63%
of participants had BMIs in the overweight
(25.0-29.9 kg/m®) or obese (30.0 kg/m? or
more) range, and approximately half reported
no walking for exercise (Table 2). About 1 in
5 participants had moved to a new home in
the 2 years prior to the assessment. A higher
proportion of men than women reported in-
comes of $30000 or more and tobacco use.
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Note. CES-D = Center for Epidemiological Studies Depression Scale; RxRisk = chronic disease burden: BMI = body mass index.
*Persons living at the same address for at least 2 years were younger (P=.007) and had higher RxRisk scores (P<.001) than
did those living at a different address 2 years prior to the study.

*P=.01, comparing men and women; **P<.001, comparing men and women.

Women were older and had a lower RxRisk
score, indicating less chronic disease burden,
but had higher Center for Epidemiological
Studies Depression Scale scores and more
often lived alone.

A statistically significant association was
detected between neighborhood walkability
and any self-reported weekly walking sessions
in men and women living at a different ad-
dress in the 2 years prior to assessment, re-
gardless of buffer size, and in women but not
in men living at the same address for 2 years
or more. Odds ratios of any self-reported
walking for the difference between the 75th
percentile and 25th percentile neighborhood
walkability scores (interquartile range) are re-
ported in Table 3.

There was no significant association be-
tween higher neighborhood walkability and
the proportion of participants in the over-
weight or obese range, although in most
comparisons the association was in the hy-
pothesized direction. Participants living in a
different home 2 years prior to assessment did
not exhibit an association between BMI and
neighborhood walkability (data not shown).

DISCUSSION

Our study suggests that the built environ-
ment, as described by a neighborhood walka-
bility score, is associated with increased walk-
ing for exercise in men and women. Models
of walkability that take into account types of
and distance to destinations and residential
density may be a useful predictor of physical
activity in older adults. The association was
seen at several buffer sizes representing po-
tential distances traveled by older people. If
this finding is confirmed by other studies, the
association between neighborhood walkability
and physical activity may be adapted for use
by community planners, health care provid-
ers, and older people. Planners could choose
to design neighborhoods that are more walka-
ble, with both transportation and recreation
destinations. Health care providers could tai-
lor specific activity recommendations, taking
into account where the patient lives. Older
adults may use information on neighborhood
walkability as they select a new residence or
community after retirement.

We found no statistically significant associ-
ation between the built environment and
obesity in those who have remained in the
same home for 2 years or more. It is possible
that a hypothesized lag time of 2 years was
insufficient to detect an association. Other re-
searchers have used several different metrics
to find varying strengths of association be-
tween the built environment and weight,**~*
indicating that additional study of this rela-
tion is warranted.

Other studies have found similar associa-
tions between physical activity and walkabil-
ity, isolating net residential density, street
connectivity, and land-use mix as significant
measures.*? ** The WBC walkability model
used in this study encompasses these vari-
ables and provides precise measurements as
well as additional information about the type
of land-use mix that optimizes walking. The
model showed that proximity to grocery
stores, smaller block sizes, and higher residen-
tial density at the level of the respondent’s
parcel was associated with more walking
within the neighborhood. Clusters of destina-
tions, such as grocery stores, restaurants, and
retail, also increased the odds of walking suffi-
ciently to meet Centers for Disease Control

Berke et al. | Peer Reviewed | Research and Practice | 489



County, Washington, 2001-2003

| RESEARCH AND PRACTICE |

TABLE 3—0dds Ratios (ORs; With 95% Confidence Intervals [Cls]) for Association of
Neighborhood Walkability Score (Interquartile Range) With Self-Reported Walking for
Exercise (Any vs None) and Body Mass Index (BMI): Adult Changes in Thought Study, King

Radius,
Outcome m

Buffer Walkability
Score (0-100),
75th percentile

Walkability Adjusted
Score (0-100), OR
25th percentile (95% CI) P

Changed address in past 2 y

Men (n=63) 100 47.90
500 47.71

1000 46.17

Women (n=133) 100 47.90
500 47.71

1000 46.17

Living at same address >2 y

Men (n=272) 100 47.90
500 47.71

1000 46.17

Women (n=468) 100 47.90
500 47.71

1000 46.17

Living at same address >2 y

Men (n=272) 100 47.90
500 47.71

1000 46.17

Women (n=468) 100 47.90
500 47.71

1000 46.17

Self-Reported Walking for Exercise

30.65 9.14 (1.23,68.11) 0.031
31.65 6.64 (1.05,42.07) 0.045
31.58 5.86 (1.01, 34.17) 0.049
30.65 1.63 (0.94, 2.83) 0.083
31.65 1.73(0.99, 3.00) 0.052
31.58 1.77 (1.03,3.04) 0.040
30.65 0.88 (0.62, 1.26) 0.494
31.65 0.87(0.61,1.25) 0.464
31.58 0.92 (0.62, 1.36) 0.680
30.65 1.33(1.00, 1.77) 0.050
31.65 1.34(0.99, 1.80) 0.055
31.58 1.36 (0.99, 1.87) 0.061
30.65 0.78 (0.54,1.16) 0.225
31.65 0.80 (0.53,1.19) 0.270
31.58 0.75(0.48,1.17) 0.208
30.65 0.99 (0.74,1.32) 0.928
31.65 1.02 (0.75, 1.38) 0.902
31.58 0.93(0.67,1.28) 0.646

and Prevention guidelines.*> Too high a num-
ber of grocery stores and schools as destina-
tions, and overly large concentrations of of-
fices, however, could negatively affect the
walkability of a neighborhood; the ideal
walkable community would have a balance
of retail and residential spaces, with small
block sizes and small amounts of land in of-
fice or educational uses. This description mir-
rors the design of many older urban and
suburban neighborhoods, built before the
shift to substantial reliance on automobiles
as a means of transportation.

One study to date has assessed the rela-
tionship between neighborhood attributes
and physical activity in older women,
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Note. CES-D = Center for Epidemiological Studies Depression Scale; RxRisk = chronic disease burden. Analyses were adjusted
for CES-D score, income, education, arthritis, age, RxRisk score, living alone, and tobacco use.

“Data presented only for persons living at same address for 2 years or more, because we hypothesized that the effect of the
built environment on a change in BMI might take longer than 2 years to detect.

demonstrating an association with proximity
to golf courses and post offices.*> Although
the study used a different metric for assess-
ing neighborhood walkability and did not
look at the association of neighborhood
walkability with obesity, it also found that
walking occurs more often in neighborhoods
with a variety of destinations. Another
study of older women found that walking
to services occurred more often in tradi-
tional urban neighborhoods than in newer
suburban neighborhoods.*®

Creating more walkable neighborhoods
may provide other benefits. A study in Ire-
land demonstrated that pedestrian-oriented
neighborhoods are more socially engaging.*’

This may be particularly important to older
persons because they are often at risk of be-
coming socially isolated. Making safe neigh-
borhoods may help prevent injuries. Older
people are at relatively high risk for fatalities
and injuries from collisions with motor vehi-
cles at crosswalks, which may decrease their
desire to walk to a destination or walk for
recreation.*® Such a decrease in physical ac-
tivity negatively affects functional independ-
ence.*® Redesigning neighborhoods or fixing
specific barriers to walking, such as damaged
sidewalks, to improve pedestrian safety
might increase walking.

Limitations

This study had several limitations. The
analyses used cross-sectional data on the built
environment and participants, making the es-
tablishment of a causal link between obesity
and walkability difficult. In contrast to the
idea of the neighborhood modifying the be-
havior of the resident, more-active older
adults may choose to live in more-walkable
neighborhoods and less-active adults in less-
walkable neighborhoods. This may be espe-
cially true for retirees and empty nesters with
time to participate in new activities. Other,
unmeasured confounding variables may also
influence obesity or activity. Although the
study adjusted for age, education, income, de-
pression, living alone, chronic disease burden,
arthritis, and tobacco use, other measures,
such as perception of safety, seasonality, and
social support, could not be addressed with
available data. Also, the possible effect of spa-
tial correlation on the sample was not mea-
sured because of the confidentiality measures
in place to protect subject identifiable data.

The decision to stratify by gender and
length of time a person lived in his or her
home potentially created an issue of multiple
comparisons. Stratification on these variables
was part of the original study design, and
gender stratification was supported by pub-
lished research.’®®" No other stratification
was performed during the analysis. Stratifica-
tion reduced the sample size of each sub-
group in the regression model and is the
likely reason for the large confidence inter-
vals seen in Table 3. This group of older adult
volunteers may not be representative of all
older adults. Participants were enrolled in the
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same health maintenance organization and
might vary from the general population with
respect to income and education. The use of
self-reported physical activity instead of objec-
tively measured physical activity introduced
the potential for social desirability bias in
the measure. In addition, the measure of self-
reported activity queried participants for the
number of sessions at least 15 minutes long;
participants did not record sessions less than
15 minutes in duration. This could underesti-
mate the activity of participants living close
to desirable destinations.

The walkability model used in our study
was created and tested in an urban setting in
the Pacific Northwest. It might not apply to
rural communities or to urban communities in
other regions, where different factors may in-
fluence walkability. The WBC model con-
trolled for survey-based sociodemographic fac-
tors, neighborhood perception, and attitude
toward the environment. However, objective
measures of crime, safety, and social support
that might influence the walkability of a neigh-
borhood should be evaluated in future models
to refine predictors of walking. Finally, al-
though the study successfully geocoded 90%
of all participants, 47% lived outside the de-
fined spatial sample frame of the WBC walka-
bility model. This reduction in sample size po-
tentially reduced the power of the analysis.

Conclusions

Despite these limitations, this study adds to
the growing body of literature about walkable
communities and health. Older people are at
particular risk for functional decline. Habitats
that encourage physical activity and help re-
duce unhealthy body weight may be benefi-
cial. Older people, a rapidly growing part of
the population, may seek communities that
promote active living. The demand for this
type of residential environment could influ-
ence developers and designers to create com-
munities that promote walking and improve
the health of their residents. Most important,
application of findings such as these can help
older people preserve their function, inde-
pendence, and quality of life. ®
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